S

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

11 DEC 1947
No. 1490

COMPARATIVE PERFORMANCE OF TWO VANELESS DIFFUSERS
DESIGNED WITH DIFFERENT RATES OF PASSAGE
CURVATURE FOR MIXED-FLOW IMPELLERS
By Frank J. Barina

Flight Propulsion Research Laboratory
Cleveland, Ohio

FBR REFERENGE oo "‘"-"'3?vutvu.” %.:
~ " NOT 10 BE TAKEN FROM THIE ROOH——

~E

Washington . _ .
November 1947

N A C A LIBRARY

LANGLEY MEMORIAL AERONAUTICAL

LABORATORY
Langley Field, Va&. -



M’I@TNHMI i Hﬂflm J | ﬂmﬂ |

1176 01425 o

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

e s o, st @t

TECENICAL NOTE NO. 1480

COMPARATIVE, FERFORMANCE OF TWO VAELESS DIFFUSERS
DESIGNED WITH DIFFERENT RATES OF PASSAGE -
CURVATURE FOR MITED-FLOW 'EM'E’EILERS

By’Franx J Barina

SUMMARY

' Ths effect on dAiffuser pérformence of - the passage curvature of
twb vansless diTfussrs Geligned wiuh'a 6° equivalent-cone dlvergence

angle’ slong &' logarithuic-spiral path was Investigated in combimstion

with two wixed-flow imtellers. The diffuser performance is bLased

on the ratio of the over-all sdiabatic efficiency of the compressor
to the 1mpeller sdlabatlic efficlency. The curves at actugl impellsr
tin speeds cf 700 and 1200 feet per second are representgtive of the
cerformance for the speed range investleated. The peak over-all
adigpatic officisncy is comzared wlth thoe correspondin; dlffuser
efficlency.

The large difference 1n the passage curvgture of the two vaneless

diffugers made no appreciable difference in diffuger performance at
the veak compressor efficlency for the range df-spéeds-investigate@.

INTRODUCTlON

During an investigatior of tbe perf01mance characteristics of
mixed-flow imnellers, 8 progrém was simultaneously conducted on
vaneless diffusers to find means of taking Ffull advantage of the
inherently high efficiency, large flow cavadity, and wide onerating

range of the -mixed-flow impellers. Vaneless diffusers designed by
the method of referenceé 1 save efficiencies as high or higher than
- those of & vaned diffuser wreviously inveagtigated with the same

impeller ahd maintained the usual vaneless-diffuser characteristids:_

of “a flat performance curve and s wide omsrating range.  The rear
nlate of the diffusers describéd in reférence 1 waes designed to
continue apnroximately the impeller-discharge angls in the axial
direction for most of the radius. This configuration Gaused the
comnlete ‘compressor o have a ureat axial depth
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A congiderable reduction in the axial depth can he achieved by
curving both the front and rear plates of tho diffuser Lo reduce the
axial ocomponent of flovw as ranidly as possible. Tole curvature,
however, introduces another problem in the design of vanelega 4l1f-
fusers because flow sepabation 1s likely to cccur along the front
plate of the diffuser- unlees the passage.ares i3 rapldly reduced in
the direction of flow. The optimum value of the contraction ratlo
for the transition section would probably be considerably loss than
the optimum value of 0,72 reporied in referance 1. The recommen-
dations concerning the contraction ratic in reference 1 were thorefore
considered inanplicable to & vaneless-diffuaser design that had a
curved transition gection,

The performance of twu 34-inch-dismeter vaneless diffusers
designed by the method of referenco 1 {o match similar wixed-flow
impellers 1s compared. Threse diffuscrs have g large difference in
passage curvelure that is not consideyed in the design method. The
commarative derformance thus extends the inforuwstlon avallable on tho
application of the deaign method of vaneless diffusere.

APPARATUS ARND PROCEDURE
Diffusers T

Two vaneleas diffusers, designated A and B, were desligued to

metch two mixed-flow impellers according to the design method of
reference 1. Xach diffuscr had a 6° squivalent-cone divergence angle
along a logarithmic spiral and an ouvtsids dlamoter of 34 Ilncheas. A
dimenglonal compavison of the pasmage curvatures of the vancless dif-
fusers 1s made in figure 1. The configuration of diffuser A ig the
same a8 that used in reference 1 in which A= 0.72. The quanbity A is
the ratio of the exit-rassago (throat) width of the transition section
to the entrance~passage width of the transition section, Diffuser A
maintaing the axial discharge angle of %the impaeller for a greabter part
of'.the diameter before turning the ailr into e radial dlrection. DIrf-
fuser B cianges the-direction of the flow lecving the lmpeller to &
redial direction before the air enters the diffuesr propor:. The proiile
of the rear plate at the itransition sectiun is rormed by a eircular arc.
The profile of the front plate bt this sectlon is a_stralght line .
tangent %o the impeller front shroud and to another arc at the diffuser
entrance. The transition section of this diffuser uses a gontle decrease
in flow area, which sxtendms over the entire passage curvature. PBecause
of this area reduction, the value of A foir diffuser B 18 0.52. The
rati¢ of the Tlow area at the outlet of the tranaltion section to the
Tlow area at the.enirance of this seciion is 0.94 for diffuser A and
0.80 for difrfuser B.
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Impellers .
Tue mixed-Flow impeller B s skown in figure 2; mixed-flow

jmnoliler A ig similar in appoarance, Each of the impellors has

25 blades. A diuensionasl comparison of these impellers is made in

the following table:

Imnpellsr

A B
Qutgide dlameter, In, . . . + « o « ¢ 5 « « » +» . 11,24 11.38
Inlet dlameter, in. . + + + v « v+ + 4 » o ¢« + « . 8,25 8.25
Inlet hub diasmebter, In. . . . « & ¢+ ¢ « 5 s « « « 3,68 3.68
Axial depth, 1, . e - A & . 4,18
Blade beight at outlet, in. s e s e e s s e w s e .76 1,12

Axial dieciarge angle, Geg « « » . s e 4 s e . s 30 35

Exverimental Setup

The performance of comrressoys A and B was debtermined in the
variable-component »ig in acgordance with the methods cof reference 2.
Each Impeller inatellation was made with a clearance of 0.035 lnch
moasured statically with reswect to the stationary front shroud and
with the impeller in maxiwum-thrust vwosition. (See fig, 1.) A 800-
horasspovwer aircraft engine in conjunotion with a speed inorease* vas
used to drive the test rig. )

Instrumentation

The gocuracy of the messurements during stable onerating con~
ditions is estimated to bec as follows:

Temwperature, °F . . , « « + « « &
Pressure, in. Hg ., . e s e ey
Pressure surveys, 1n. H& e e e e
Speed, Percent . . .« 4 4 4 .k W

¢ 9 e e » a4 ¢ & T . o_:kO-_s
e e e v b e e tle e £ 0.02
L] L] - » - ”* L] . . ¥ [ ] rko l
. * L L] L ‘. . 13 L [ io 5

Total~pressure tubes for surveys across the imyeller out}et
were located approximately 1/4 inch from the impeller tip and par-
ailel to the blades, The transition section of the diffuser was
divided into fcur equal segments, and the total-pressure’
surveys were taken at the center polunt of each of these segments.
Some readings wexye taken dyring unstadle flow conditions by recording
tie average of the fluctuating pressures, but these data were not used
in the uer‘ormance analysis. The total-pressure-survey tubo vas ’
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3/32 inch in diamoter and plugged at one end. A 0.020-inch-diameter
hole was drilled in the wall of this tube near the plugged end

The impellexr tip speod wag malintsined at -the desired constant
value with the aild of a speed strip and A 60-cytle strobomcopic light,
Frequent speed checks were made with a revolution counter and a stop
watch,

Exporimental Procadure

The iuwestigation of. tno compressors - vas conducied according to the
wethods of reference 2.. A wethad.-of experimental procedure similar to
that outlined in reference 1 was uvged for compréssor B. Compressor A
was mmin at actwal impellor tip .epoeds of 7Q0, 900, 1100, and 1200 feeb
per sécond. Compreggor B waa run ah actual imneller tip speeds of
700 %o 1200 feet per seccond at increments of 100 feet per second.
Room-~temperature inlet slr wes used for thesc investigations.

Comoutgtion - i

The over-all compressor performance was determined mccording to the
method -of referenge 2.- Performance characteristics of the mixed-flow
impellers were basged on the arithmetlcal mean of the total-nregsure -
purveya &t the “impeller tip.- Because the compressor installations were
enclosed in an insulated system, the total tomporature measured in the
outlel plne was assumed to be. the same as that at the impoller-outlet
station. The diffuser efificiency, used to evaluate the performance of
the veneless diffumers, 1g defined as the ratio of the over-all adisbatic
efficiency of the compressor to the impeller adiabatic efficlency.

RESULTS AND DISCUSSZION .

Adlabatio efficiency nad at actual.impeller tin speeds of 700.and
1200 fest per gecond im shown as o function of the load coefficlent Q/n
(whers: @, volume flow, cu ft/sec, n, impeller spoed, rps) in filgures 3
and 4 for compressors A and B. -The parameter Q/mn was used because
reforence 1 showed that the flow conditions described by thig param-~
eter determined to a large sxtent—the performance of the diffTuser.
Over the svweed range investigated, these curvesp ars renrescntative of
the performance of the vanclems diffusecrs. .

"
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The verlation ef diffuser efficiency with the losd-coefficient
parameter Q/n ig shown in filgure S at actusl impeller tip speeds
of 700 and 1200 fest per second. The greatest error in thess effi-
clencles arisea from the Ilnacourscy of the impseller-performsnce
determination. Both diffysers had a small variation in officiency
for the range of volume flow at each of these speeds. The effi-
cilency of diffuser B could not be determined at the high load
coefficients at a tip speed of 1200 feet per second becanse of the
unstable operating characteristics of impeller B. A comparison of
filgures 3, 4, and 5 Indicates that the efficiency of impeller B
was leses than that of impeller A at the high tip speeds.

The peak over-all adlisbatic efficiencies and the corresponding
diffuser efficiencies of the two compressors are plotbed ageainst
the impeller tip speed in Ffigure 6. The peak over-all efficiencles
of the two compressors ere epproximately the same at 700 feet per
second. As the tip speed is increased to 1200 feet per second, the
efficiency of compressor B decreases rapidly in comparison with
compresgor A. Although at the highest speed there is a diffsersnce
of 0.12 in peak over-all efficlency between the two compressors,
there is very little difference in the efficlency of the two vane-
less diffusers. This particular trend is also apparent at low
speeds. The diffuser~-efficlency curve thus shows bthat ths per-
formance of vaneless diffusers A and B was not affected apprecisbly
at the peak over-all efficiencies by differences in diffuser-
passage curvature and slight differences in the impellers. Inas-
much as the flow entering diffuser B was probably more turbulent
than that entering diffuser A, owing to the difference in impsller
performance, diffuser B was not benefited by the differsncs in '
impeller performance. Conseguently, the curvature of diffuser B
d1d not promote any appreciable disturbances to the flow.

SUMMARY OF RESULTS

An experimental investigation, conducted in a variable-
component rig, of two vensless diffusers of different passage
curvatures, designed for eimilar mixed-flow impellers, showed that
the large difference in passage curvature of these diffussrs made
no eppreclable difference in diffuser performance at the veak
compressor efficiency for the rangs of speeds investigated,

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronautics,
Clevelend, Ohio, June 23, 1947.



& REFERENCES NACA TN No. 1490

1. Brown, W. Byron, and Bradshaw Guy R.: Method of Designing Vaneless
Diffusers and Experimcntal Investigation .of Certain Uhdotermined
Parsmoters., NACA TN No. 1426, 1947,

2. Ellerbrock, Heyman H., Jr., and Goldstein, Arthur W.: Principles
and Methods of Rating and Testing Cantrifugal Su@erchargcrs.
NACA ARR, Feb. 1942. .



. >
(9]
.~ B.441 — e 5.252 — .
. .636 . 645 -
=l |0, _'| _.{ 3
\\0_244R : S
9.50 \ re
N 3
Vaneless \
Vaneless di ffuser B
diffuser A
\
250 \
\
\
2.141 R 17.0 R I7.0 R
035 — .035
impeller A — Impelier B [~
\
5.620 R . A@ 5.680 R
Compressor A Compressor B -
NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Figure |. - Dimensional comparison of passage curvature in vaneless diffusers Aand B. {All dimen- t-ﬂ

sions in in.} —_



NACA TN No. 1490 Fig. 2

e Rm

Figure 2. - Mixed~flow impeller B.
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